-5,11-Di-tert-butyl-2,2,8,8-tetramethyl-2,8disilatricyclo[7.3.0.0 3,7 ]dodecatetraenediyl]bis[dicarbonylruthenium(I)] supplementary materials sup-9 Acta Cryst. (2012). E68, m1164
The title compound, [Ru 2 (C 22 H 34 Si 2 )(CO) 4 ], contains two Ru I atoms linked by a bridging ( 5 -t BuC 5 H 2 ) 2 (SiMe 2 ) 2 ligand ( t Bu is a tert-butyl and Me is a methyl group) with an Ru-Ru bond length of 2.8401 (7) Å . The dihedral angle between the planes of the cyclopentadienyl rings of the ligand is 123.13 (19) . The four terminal carbonyl ligands are bound in a symmetrical and staggered array. In the crystal, molecules are linked via pairs of C-HÁ Á ÁO hydrogen bonds, forming inversion dimers.
Related literature
For structures of non-bridged, singly-bridged, and doublybridged bis(cyclopentadienyl)ruthenium analogues of the title compound, see: Mills & Nice (1967) ; Burger (2001) ; Zhou et al. (1997) ; Bitterwolf et al. (1996); Ovchinnikov et al. (2002) ; Zhu et al. (2012) . For the fulvalene diruthenium carbonyl complex ( 5 : 5 -C 10 H 8 )Ru 2 (CO) 4 , see: Boese et al. (1997) .
Experimental
Crystal data [Ru 2 (C 22 H 34 Si 2 )(CO) 4 ] M r = 668.85 Triclinic, P1 a = 10.632 (3) Å b = 10.886 (3) Å c = 14.546 (5) Å = 89.518 (5) = 71.581 (4) = 61.560 (4) V = 1384.0 (7) Å 3 Z = 2 Mo K radiation = 1.21 mm À1 T = 173 K 0.17 Â 0.16 Â 0.15 mm
Data collection
Bruker APEXII CCD diffractometer Absorption correction: multi-scan (SADABS; Bruker, 2005) T min = 0.821, T max = 0.840 6921 measured reflections 4802 independent reflections 4101 reflections with I > 2(I) R int = 0.029 Refinement R[F 2 > 2(F 2 )] = 0.032 wR(F 2 ) = 0.077 S = 1.04 4802 reflections 317 parameters H-atom parameters constrained Á max = 0.92 e Å À3 Á min = À0.86 e Å À3 Table 1 Hydrogen-bond geometry (Å , ).
Symmetry code: (i) Àx þ 1; Ày; Àz.
Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT (Bruker, 2005); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: SHELXTL.
The author gratefully acknowledges financial support from the National Natural Science Foundation of China (No. 21002069), the Scientific Research Foundation for Returned Overseas Chinese Scholars, State Education Ministry, and the Talent Fund Projects for Introduced Scholars in Tianjin Normal University (No. 5RL088).
Bolin Zhu Comment
Recently, a series of reactions of doubly-bridged ligand precursors (C 5 H 4 (E))(C 5 H 4 (E′)) (E, E′ = CH 2 , CMe 2 , SiMe 2 , or GeMe 2 ) with Ru 3 (CO) 12 have been reported by the group of Professor Angelici (Ovchinnikov et al., 2002) and our groups (Zhu et al., 2012) , which generally afforded the corresponding doubly-bridged bis(cyclopentadienyl) dinuclear complex containing an elongated Ru-Ru bond. To develop a deeper understanding of the relationship between the structure of the ligand and the Ru-Ru bond distance, and make a comparison of the Ru-Ru bond distance with those in the respective non-bridged and singly-bridged bis(cyclopentadienyl) ruthenium analogues, we carried out the reaction of the doublybridged ligand precursor ( t BuC 5 H 3 ) 2 (SiMe 2 ) 2 with Ru 3 (CO) 12 in refluxing xylene, which afforded the expected title product whose crystal structure we report on herein.
The molecular structure of title compound is presented in Fig. 1 . It has approximate C 2v symmetry, as reflected in the small torsion angle DCp(centroid)-Ru1-Ru2-Cp(centroid) (ca. 15.8°). The dihedral angle between the planes of the Cp rings of the (η 5 -C 5 H 2 t Bu) 2 (SiMe 2 ) 2 ligand is rather large, 123.13 (19) °, which results in a longer than normal Ru1-Ru2 single bond distance of 2.8401 (7) Å, longer than that [2.8180 (3) Å] in its parent complex [(η 5 -C 5 H 3 ) 2 (SiMe 2 ) 2 ]Ru 2 (CO) 4 (Ovchinnikov et al., 2002) . Therefore, the two t Bu substituents on title compound have considerable effect on the geometry of the system. The elongated Ru-Ru distance makes CO bridging unfavorable. This situation is similar to that in other doublybridged analogues, for example 2.8420 (8) Å in [(η 5 -C 5 H 3 ) 2 (CMe 2 )(SiMe 2 )]Ru 2 (CO) 4 , 2.824 (1) Å in [(η 5 -C 5 H 3 ) 2 (CMe 2 ) (GeMe 2 )]Ru 2 (CO) 4 , 2.8382 (9) Å in [(η 5 -C 5 H 3 ) 2 (CH 2 )(SiMe 2 )]Ru 2 (CO) 4 , 2.8429 (7) Å in [(η 5 -C 5 H 3 ) 2 (CH 2 ) (GeMe 2 )]Ru 2 (CO) 4 (Zhu et al., 2012) , and 2.821 (1) Å in the fulvalene diruthenium carbonyl complex (η 5 :η 5 -C 10 H 8 )Ru 2 (CO) 4 (Boese et al., 1997) .
Generally, due to the rigid structure of the doubly-bridged ligand, the Ru-Ru bond distances in the above-mentioned complexes are obviously longer than those in the respective non-bridged and singly-bridged analogues, for example et al., 1997; Bitterwolf et al., 1996) .
Experimental
A solution of (C 5 H 3 t Bu)(SiMe 2 )) 2 (80 mg, 0.22 mmol) and Ru 3 (CO) 12 (80 mg, 0.13 mmol) in xylene (20 ml) was refluxed for 15 h. After removal of the solvent under reduced pressure, the residue, which was dissolved in a minimum amount of CH 2 Cl 2, the solution was chromatographed on an alumina column using petroleum ether-CH 2 Cl 2 (5:1) as eluent. A yellow band was eluted and collected. After removal of the solvents under vacuum from the above eluate, the residue was recrystallized from n-hexane/CH 2 Cl 2 (1:1) at 263 K to give colourless crystals of the title compound (54 mg, 36%). Anal. in the archived CIF.
Calcd

Refinement
All the hydrogen atoms could be located in difference electron density maps. In th final cycles of refinement they were included in calculated positions and treated as riding atoms: C-H = 0.98 and 1.00 Å for CH 3 and CH H-atoms, respectively, with U iso (H) = k × U eq (parent C-atom), where k = 1.5 for CH 3 H-atoms and = 1.2 for other H-atoms. Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and torsion angles Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Computing details
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
